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ABSTRACT 
Magnetic reset circuit (MRC) is designed and applied in linear transformer. 
Since the conventional transformer utilizes the concept of induced voltage current 
from primary to secondary sides, magnetic reset circuit is designed so that both sides 
of windings can be used effectively as voltage and current path without inducing any 
current or voltage to respective windings. The objective in this project is to design 
and simulate magnetic reset circuit using PSpice Schematics software. There are three 
common techniques to reset magnetizing energy and this project only deal with one 
technique only. All circuits in this project used tertiary winding as based circuit added 
with MRC. In order to improve the capability of MRC, the clipper is added at 
respective winding to remove unwanted signal, reduced time delay and smoother 
output response. The expected outcome from this project is switching frequency I 
MHz with a maximum of 5 Ampere forward current are expected to successfully 
operate in resonant gate driver (RGD). 
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1.1 Background of Study 
Modern power electronic systems are rarely designed without inductors and 
transformers. By understanding magnetic and magnetic circuits, it is necessary for the 
successful design of power electronic systems. Transformer consists of two or more 
windings wrap around common core. If the primary winding is excited by an external 
source, an induced voltage is created at the secondary winding. Magnetic reset circuit 
is designed to reset the induced voltage in the transformer. Hence, both sides of 
windings can be used effectively as a voltage and current path without inducing any 
current or voltage to respective windings. 
1.2 Problem Statement 
In DC-DC converter, in spite of having two separate inductors in LC resonant 
link bridge, linear transformer can be used. However, a conventional transformer 
utilizes the concept of induced voltage current from primary to secondary sides. 
Magnetic reset circuit is designed to have both sides of windings can be used 
effectively as a voltage and current path without inducing any current or voltage to 
respective windings. 
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13 Objective and Scope of Study 
The main objective for this project is to design and simulate a magnetic reset 
circuit for zero induced effects in linear transformer applications. 
The other objective(s) for this project are: 
1. To understand the principles of linear transformer. 
2. To understand and identify the magnetic reset circuit in the transformer. 
3. To understand the application of magnetic reset in the transformer. 




2.1 DC-to-DC Converter 
DC to DC converters are used in power electronic circuits to convert an 
unregulated input dc voltage to a regulated or variable dc output voltage [1]. 
(a) 
(b) 
Figure 1: Dc-to-dc conversion. (a) One-stage dc-to-dc conversion. (b) Two- 
stage dc-to-dc conversion. 
Figure 1 shows block diagram of dc-to-dc conversion. The high-frequency 
resonant-type dc-to-dc converters, used two-stage conversion. Transformers used to 
provide electrical isolation and step-up/step-down features [1]. 
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In resonant converters, the switching devices are used in such a way that the turn-on 
or turn-off losses can be reduced or eliminated, depending on the converter operation. 
Such converters are known as "soft-switching" converters used in the design of high- 
power density dc power supplies for laptop computers, adapters, notebook computers, 
and aerospace and communication instrumentation [1]. 
2.2 Magnetic Circuit 
Magnetic circuits consist of inductors and transformers. Most power 
electronics systems are designed with transformers or inductors. An inductor may act 
like as parasitic components if not included as discrete components, when operating 
at high frequencies. Magnetic components are very expensive and hard to design in 
power system. 
Functions of an inductor are: 
1) Filter switch waveforms, at both the input and output sides. 
2) Form resonant circuits along with capacitor in order to create sinusoidal 
waveforms for various applications. 
3) Limit the rate of change of load currents in switching circuits. 
4) Limit transients at power-up of electric systems. [2] 
Transformer is a passive device that transforms AC electric energy from one 
circuit into another through electromagnetic induction. It consists of ferromagnetic 
core and two or more coils (windings). Changing current creates alternating magnetic 
field in core. The core multiplies this field and couples the most of the flux through 
the second winding. This turn induces alternating voltage (e. m. f. ) in each of 
secondary coil according to Faraday's Law. 
Functions of a transformer are: 
1) Provide step up or step down the voltage. 
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2) Provide isolation between power systems to reduce various EM! 
problems and for safety considerations. 
3) Provide phase shift in multiphase systems to generate systems with three 
or more phase. 
4) Provide a means to store energy to be utilized at later times, especially 
in high- frequency applications. 
5) Provide a coupling mechanism between the gate or base drive circuits of 
high-power semiconductor switching devices and the power circuits in 
various power electronic systems. 
6) Provide sensing for voltage and/or current in various controls feedback 
systems. [2] 
Magnetic circuits were used in many practical applications in power 
electronics. Like discussed earlier, magnetic circuits consist of inductors and 
transformer. It is desired to get the maximum magnetic field with minimum 
magnetizing in the coil. Direct proportionality between current and magnetic field 
density, an attempt to increase the magnetic field intensity will result in an increase in 
the coil current. [2] 
Since flux density, B is equal to µH, where g is magnetic permeability and H 
is flux intensity, flux density can be increased by using material with high 
permeability compared to air permeability. Ferromagnetic is used since these 
materials experience strong magnetization in the presence of magnetic field. This 
property is similar to the property of good conductor material. The flux will flow in a 
high µ path rather in a low g of the air. 
Magnetic circuit analysis is very useful in the design of inductors, 
transformers, and other special magnetic devices. For magnetic circuits, we will be 
dealing with the Maxwell's equations. 
fH. dl = -Ni (1) 
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cB. dS =0 (2) 
Equation (1) is Ampere's Law. This law states that the total magnetic field in 
a closed path of length I must equal the total applied magnetomotive force. In other 
words, right side of this equation represent as a current source and left side of the 
equation represent the resultant or induced mmf. Source voltage around a closed loop 
is equals to the total resultant voltage drop in the same loop. 
Equation (2) is Gauss's magnetic law. This law states that the sum of the total 
magnetic flux, 0, into a close region must be zero. 
2.3 Magnetizing Curve 
The behaviour of the ferromagnetic can be observed into magnetizing curve. 
This curve shows how much flux density, B results when increasing the flux 
intensity, H. 
-B 





Figure 2 shows B-H magnetizing curve. The phenomenon illustrated in this 
figure refers as hysteresis. Loop 123456 is known as the hysteresis loop. First of all 
let assume magnetic force, H is produced by a sinusoidal varying current and assume 
material is magnetized and reached its saturation point at 1. When the current start 
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decreasing, the magnetizing current starts following a different path (from I to 2). At 
point 2, magnetic force is zero but magnetic flux remains in the material. This point 
also known as residual flux or remnant magnetization. Negative magnetic force that 
forces the flux goes into zero is pointed at 3 (demagnetization). At point 4, the 
material reaches its negative saturation point. Then the magnetic force starts 
increasing again and follows different path until its reaches positive saturation again 
at point 1. 
2.4 Transformers 
Z. 4.1 Ideal Transformers 
An ideal transformer is assumed that both coil and core losses are 
negligible and two windings (primary and secondary) are perfectly coupled 
where they are linked with the same flux [3]. 




Equation (3) is Faraday's law. Faraday's law states that the induced 
voltage across a conducting wire is proportional to the rate of change of the 
flux through the wire with respect to the time. 
2.4.2 Non-Ideal Transformers 
There are several things need to be considering when dealing with 
non-ideal transformer [3]. These includes non-perfect coupling between two 
windings, finite permeability and core losses and copper losses. These factors 
only need to be considered when dealing with non-ideal transformer. 
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2.4.2.1 Non perfect coupling 
Since the flux linkage between the two windings is not the same, some flux 
tends to leaks into surrounding medium. The air permeability is only a few orders of 
magnitude smaller than the core permeability, resulting in small flux leaving the 
magnetic path and returning through the air. 
Figure 3: Ideal transformer model with leakage inductances 
Figure 3 shows ideal transformer with leakage inductance. The leakage 
inductance indicated by two inductors which are on primary and secondary side. 
2.4.2.2 Finite Permeability 
Permeability of the core is not infinite. Primary winding must be excited 
in order to produce a flux in the secondary winding. The primary current needed to 
magnetically couple the secondary winding will not be zero when the secondary 
winding is open-circuited. The current that flows through the magnetizing inductance 
is called magnetizing current. 
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2.4.2.3 Core Losses and Copper Losses 
There are two types of losses in magnetic structures 
1) Copper losses - Exist in the winding coils due to the current 
conduction. 
2) Core losses - Hysteresis losses and eddy current losses. 
Figure 4: Non-ideal transformer model including the core losses and the leakage and 
magnetizing inductances. 
Figure 4 shows schematic diagram of non-ideal transformer. From the 
figure, there are many losses such as copper losses and core losses. The voltage drop 
present across these inductances, resulting in energy loss and, therefore, less 
efficiency. 
Where: 
RP, RS : Resistive heating losses 
R, : Load 
jXP, jXs : Leakage Inductance 
R, : Resistive core losses 
Am : Magnetization inductance 
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2.5 Magnetic Reset Circuit 
Magnetic reset circuit or transformer reset circuit is a circuit consists of 
components such as inductor, capacitor, resistor and diode. Magnetic reset circuit is 
applied to the respective winding in order to reset the magnetizing energy of 
transformers. 
Furthermore, both windings can be used effectively as a voltage and current 
path without inducing any current or voltage to the respective windings. There are 
three (3) conventional techniques in resetting magnetizing energy. 
2.6 Techniques in Magnetic Reset Circuit 
There are three (3) techniques for resetting magnetizing energy of 
transformers [4]: 
(i) Tertiary winding. 
(ii) RCD reset circuit. 
(iii) Resonant reset circuit. 
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2.6.1 Tertiary winding 
L2 
AC 
Figure 5: Tertiary winding reset circuit. 
Figure 5 shows tertiary winding reset circuit. A diode, d is connected in series 
with tertiary winding, Lj of transformer. 
When switch, VS, is turn ON, transformer charges the magnetizing inductor, 
L, until the switch; VS1 is turn OFF and at the same time, the diode, d also turns ON. 
Magnetizing inductor, L, discharges through the loop until magnetizing energy is 
fully discharged. 
Magnetizing inductor, L, will be conducted again on the next turn ON period. 
Charging time and discharging time of magnetizing inductor depends on turn-ratio of 
the primary winding, L, to tertiary winding, L3. If turn ratio is 1: 1, the charging time 







Figure 6: Transformer "dot" notation. 
Figure 6 shows the transformer "dot" notation. The "dot" notation is used to 
identify the direction of the windings, either clockwise or counter clockwise. Figure 
6(a) shows the primary and secondary windings are wound in the counter clockwise 
direction and Figure 6(b) shows the secondary is wound in the clockwise direction. If 
the positive reference direction of either voltage is applied to one winding, the dotted 
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Figure 7: Timing diagram for tertiary winding reset circuit. [4] 
Figure 7 shows the timing diagram for tertiary winding reset circuit. The top 
waveform represents the signal voltage in rectangular pulse, following with voltage 
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across switch, Vs, and magnetizing current, IM. By assuming the duty cycle, D=1/3, 
magnetizing current, IM only needs one-half of the time necessary to release the 
magnetizing energy during the OFF period. 
When the magnetizing energy is fully discharged, the voltage drop at the 
primary winding is rated at zero. At the same time, value of switch, VSI decreases 
from 2 VIN to VIN. 
The magnetizing energy has to be fully discharged before the next turn ON 
period. Maximum duty cycle of the transformer is limited within 0.5. 
2.6.2 RCD Reset Circuit 
Figure 8: RCD reset circuit. 
Figure 8 shows RCD reset circuit. RCD reset circuit consists of a resistor, R 
attached in a parallel position with a capacitor, C. Then, both of these components are 
connected in series with a diode, d and attached to the primary winding of the 
transformer. 
The internal magnetic field of the transformer is reset by magnetizing inductor 
via RCD reset circuit when the diode, d of RCD reset circuit is turn ON. The internal 
magnetic field is reset until the next ON period. 
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Resistor is a power-consuming element. When RCD resets magnetizing 
energy, the resistor, R will transform part of magnetizing energy into heat. Resistor 
dissipates and changes parts of magnetizing energy into heat simultaneously when the 
inner magnetizing field of transformer is reset. The dissipated energy cannot be 
retrieved and efficiency of the transformer was reduced. 
Figure 9: Timing diagram for RCD reset circuit. [4] 
Figure 9 shows timing diagram for RCD reset circuit. The magnetizing 
current, IM through magnetizing inductor, L, is reset during switch, V51 is turn OFF. 
14 
2.6.3 Resonant Reset Circuit. 
C 






Figure 10: Resonant reset circuit. 
Figure 10 shows resonant reset circuit. A capacitor, C is connected in series 
with the resistor, R. Both of these components then connected to the primary winding 
of the transformer in parallel position. 
The loop comprised of magnetizing inductor, LI, resistor, R and capacitor, C 
is refereed as LC resonant loop. The magnetizing current discharges through this LC 
resonant loop [4]. 
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Figure 11: Timing diagram for resonant reset circuit. [4] 
Figure 1l shows the timing diagram for resonant reset circuit. Transformer 
charges the magnetizing inductor during turn ON period. During OFF period, the 
magnetizing energy is slowly reset until the next turn ON period. 
The operating efficiency of the transformer is enhanced by resetting it internal 
magnetic via the LC resonant circuit, however the resonance caused by the LC 
resonant circuit will form a harmonic wave. This harmonic wave can cause an 
unexpected high voltage across the switch, V 1. An improvement of resonant reset 
circuit will be discussed in Section 2.7. 
2.7 Improvement of Resonant Reset Circuit 
In order to overcome the above situation some improvement has been made in 
terms of circuit design and configuration of a forward type DC-DC converter with 
resonant circuit. Due to the simplicity of the structure, forward type topology is used 
in DC-DC converters [6]. 
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Figure 12: Dual switch forward DC-DC converter 
Figure 12 shows typical dual switch forward DC-DC converter. Dual switch 
forward topology is used to reduce the voltage stress of main switches in high input 
voltage operation. However, the dual switch forward topology is not suitable for wide 
input voltage operation as the limitations of magnetic reset mechanisms. On the 
primary side, two switches, S, and S2 were applied. 
The transformer on the primary winding is connected to the input voltage after 
switches turn ON. Then, the energy is delivered from source to load. Magnetizing 
current passes by two clamping diodes which were denoted as Dal and Dal after two 
switches turn OFF. The input voltage is applied to the primary winding reversely and 
the magnetizing current is reset to zero [4]. The switches only endure the voltage 











Figure 13: Waveform of a dual switch forward DC-DC Converter. [6] 
Figure 13 shows waveform generated from dual switch forward DC-DC 
Converters. In other words, to keep the voltage-second balance for the transformer, 
the reset time must equal to the tum-on time of the switches as the reset voltage is 
equal to the input voltage. For low input operation, the maximum switching duty 
cycle is limited to less than 50%. The duty cycle becomes small and the performance 
of converter deteriorates when then input voltage is increase. 
Increase in duty cycle over 50% can reduce the conduction loss of the primary 
side and lowering the voltage stress of the secondary side. The duty cycle can be over 
50% if the resonant mechanism provide in the forward converter because reset 
voltage can be higher than the input voltage. 
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Figure 14: Single-ended forward DC-DC converter with resonant reset 
Figure 14 shows schematic diagram of single-ended forward DC-DC 
converter with resonant circuit. There is only one switch Sj is connected in the 
transformer primary side and a resonant reset capacitor C, is connected in parallel 
with Si. 
Transformer primary winding is connected to the input voltage V;,, after the 
switch S, turn ON. Then the energy is delivered from source to load by the 
transformer coupling. Magnetizing current charges the resonant capacitor Cr, after 
switch S2 turn OFF. This will increase the voltage of capacitor Cr and transformer 
core will be reset. The magnetizing current is reset to zero and voltage of primary 
winding remains zero due after a half of resonant period due to the cross conduction 
of the secondary rectifier. When the switch S1 turns ON again, the voltage of 
capacitor Cr no longer maintain as the input voltage V; . The capacitor will be 
discharged through S1 after switch S1 is turn ON. The energy stored in the capacitor 
C, in switch S,. Power loss of switch S1 is larger. 
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Figure 15: Waveform of single-ended forward DC-DC converter with resonant 
reset. [6] 
Figure 15 shows waveform of single-ended forward DC-DC converter with 
resonant reset. There is only one switch, S, in the waveform. Primary voltage of 
transformer, Vp conducts during switch S, is turned ON. 
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2.8 Magnetic Circuit Switching 
2.8.1 Principle of Magnetic Circuit Switch 
Figure 16: Principle of magnetic circuit switch [7] 
Figure 16 shows magnetic circuit switch. Primary coil is wound on 
the central leg. Magnetic flux generated by the primary coil is divided to 
the left and right legs. There are load coil and the control coil 
(superconducting) are wound on each side leg. 
Magnetic flux which goes through the leg with the shorted control 
coil is blocked by the ON/OFF operation of the superconducting control 
coil. The output voltage of the load which wound on the same leg becomes 
zero. Hence, by closing the control switch, the circuit breaking can be 
controlled. 
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2.8.2 Switching Test 
Figure 17: Experiment circuit for magnetic circuit switch [7] 
Figure 17 shows experiment circuit for magnetic circuit switch. This 
experiment was conducted to confirm the switching principle. The voltage source is 
connected to primary coil, L,. Left side output coil Ls2, was shorted [6]. 
Figure 18: Voltage waveform in switching test [7]. 
Figure 18 shows voltage waveform in switching test. After a certain time we 
can see the output voltage, Y2 become zero [7]. 
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Figure 19: Current waveform in switching test [7]. 
Figure 19 shows current waveform in switching test. Output current, 12 
become zero. When control coil was shorted, both current and voltage become zero. 
Magnetic flux in the right side coil was blocked completely by the shielding current 




3.1 Procedure Identification 
This project basically is to design a magnetic reset circuit and simulation 
work. A lot of researches need to be done in order to get more information. The 
flowchart of methodology is shown in Figure 20. 
Research and study on dc-to-dc converter, magnetic 
circuit, transformer principle & magnetic reset circuit. 
Discussion 




Simulation of the overall circuit 
I 
Analysis of the simulation result 
Figure 20: Methodology Approach 
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3.2 Tools and Equipment Required 
3.2.1 Software 
This project is based on research and simulation. There is no 
requirement for specific tools or equipment. The details about the software 
used which is PSpice software stated in Table 1. 
Table 1: Details PSpice Software 
Name Software PSpice Schematics 
Version 9.2.3 
Build 247 
Developer Cadence Design System, Inc. 
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3.3 Conventional Transformer Circuit 
AC 
Figure 21: Conventional Transformer Circuit 
Figure 21 shows the conventional transformer circuit without magnetic reset 
circuit. A common conventional transformer circuit is used as the test circuit for 






Figure 22: XFRM_LINEAR Figure 23: K_LINEAR 
XFRM_LINEAR in Figure 26 or K_LINEAR in Figure 27 can be used to 
build the transformer in Pspice. AC Source power is represented by V;,,. Input 
resistor, R;,, must include in primary side since the AC Source power cannot be 
connected directly to the primary inductor, Lf. L2 and R,, represented secondary 
inductor and output resistor/load respectively. 
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3.4 Transformer Circuit with Magnetic Reset Circuit 
3.4.1 Secondary Side 






Figure 24: Proposed Transformer with MRC on Secondary Side 
Figure 24 shows proposed transformer circuit with MRC on secondary Side. 
MRC is designed based on tertiary winding reset circuit [4]. In MRC there are two 
important parts to remove the induced effects in transformer which are core reset and 
magnetic reset circuit. 
Core reset consists tertiary inductor, L3 and reset diode, DR. Core reset resets 
the magnetizing energy of transformer according to the ratio of windings between L1 
and L3 [2]. Core reset also provides path for inductor to discharge the energy and 
smoother the induced waveform. 
Two switches, M1 and M2 represented as an open circuit switch on secondary 
winding. M1 and M2 received the complimentary PWM signal of Vpuise from Vý11 and 
l : 412 respectively. In simple understanding, M1 will turn ON whereby at the same time 
M2 is turn OFF. Furthermore, the connection on the secondary side is not complete 
and automatically current cannot flow completely. M1 and M2 also known as 
magnetic reset circuit since it stop induced current from flowing to the load, R0. In 
addition, no induced effects produced at the load and secondary inductor, L2 can be 




Figure 25: Proposed Transformer with MRC on Primary Side 
Figure 25 shows the proposed transformer circuit with magnetic reset circuit 
on primary side. This circuit consists three main parts which are magnetic reset 
circuit, core reset and external AC source. 
As mention earlier, magnetic reset circuit provided an open circuit to the 
primary side. Magnetic reset circuit is placed on the primary side to test where 
induced effects are presented or not. Core reset basically functioning to reset 
magnetizing energy of primary inductor, LI. 
External AC Source, Vas, need to supply secondary side since the main supply 
from primary side is cut-off. Primary resistor, Rf is attached to the primary side to test 
whether secondary inductor can induce effects to the primary side or not. 
All the values of the calculations and parameters of all transformer circuits 
will be discussed in Section 3.5. 
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3.4.3 AMC wilh Clipper 
Although MRC removed the induced effects at the secondary side, there are 
still small induced effects presented at the load. A clipper is added to respective side 
in order to improve the capability of MRC to reset induced effects [4]. 
AC 
Figure 26: Improved MRC on Secondary Side with adding Clipper 
Clipper 
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Figure 27: Improved MRC on Primary Side with adding Clipper 
AC,.,, 
? xt / 1 
Figure 26 and Figure 27 shows clippers was introduced to the secodary side. 
Clippers used to reduce the leakage current, remove unwanted signal and make output 
response more faster. 
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3.5 Calculations and Operating Parameters Values 
For transformer type, the step down transformer was chosen. 




Equation (4) shows relationship between number of winding and value of 
inductor. By using the above formula, the value L2 is 51 pH. Meanwhile, L3>_ Lj [4] 





Transformer with MRC 
in Secondary 
Transformer with 













R,  lf2 lf2 In 
Ro 1 kf2 1 ks2 I kf2 
RF - I kfZ l kf2 
L, lO mH 10 mH 51 µH 
L2 51µH 51µH 51µH 
L3 - IO mH 10 mH 
S,, M,, M2 - 1RF 250 IRF 250 
D,, D2, 
DR, DF 
- 1N6392 1N6392 
Table 2 shows the important operating parameter values for three different 
circuits. Simulation results and analysis will be discussed in Chapter 4. 
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Vo for calculation value can be calculated using equation (5) below: 
V0 N2 
Vin NI 
Table 3: Parameter setting for V, 
(5) 
Parameters 
*VM1 *VM2 * vs, 
Value Value Value 
v, 0v 0v 0v 
V2 5V 5V 5V 
Time Delay, TD 0s 500 ns 500 ns 
Rise Time, TR 5 ns 5 ns 5 ns 
Fall Time, TF 5 ns 5 ns 5 ns 
Pulse Width, PW 497 ps 497 µs 267 µs 
Period, PER I µs I ps I µs 
* Indicates Vpr1.,, at respective switches 
MI, M2 and S1 are n-channel MOSFETs IRF 250 type. VpL, has to be set 




RESULTS AND DISCUSSION 
4.1 Simulation Results and Analysis 




1 o(min)=-12.140 V 
1 
4[;,, (min}=-169.998 V 
Figure 28: V,,, and Vo of Conventional Transformer 
Figure 28 shows input voltage, V,,, and output voltage, Vo waveform of 
conventional transformer. Output voltage indicated lower value compare to input 
voltage which showed the transformer is step down transformer. Maximum and 
minimum voltage slightly different from calculated because of some resistance occur 
in active devices like resistor. Comparison between theoretical and simulation value 
presented in Table 4. 
Table 4: Comparison Calculation and Simulation of Value V,,, and Vo 
V. VII 
min (V) max (V) min (V) max (V) 
Calculation -170.000 170.000 -12.143 12.143 
Simulation -169.998 168.767 -12.140 12.052 
Error (Calcularion_simulatwn) . 100% Simulation 
0.2 0.72 0.02 0.02 
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lk, ,, (min)=-(2.05ZmA " 
1 klýwd C" \-1 
lkk,,,,, (max)=12.140mA 
: 13: caýl 
Figure 29: ii, l, ik;,,, iL2 and iRrrxid of Conventional Transformer Circuit 
Figure 29 shows inductor and resistor current of conventional transformer. 
The direction of current whether positive or negative depends on dot notation [2]. 
Inductor and resistor have same value and direction of current since they are in the 
same path respectively. These voltage and current waveform used as the reference for 
evaluating the performance of the different transformer circuits with MRC. 
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Figure 30: Operating waveform of Mf and M2 
Figure 30 shows both switches, S, and S2 operated at different period in one 
cycle. The switches behave like an open circuit. As the circuit is opened, the current 
cannot flow toward the load and hence produce the zero induced effects. However, 
there is slightly induced effect represented at the load because both switches got some 
time delay before it can operated. 
_ý0, ýý1 : ýý.. 
ý-ý 1dvMl (mruý= 11 4 89mA 
V, <<, afr =OFF 
T IM1ON MZOFF Vds2, A7 







ldTM1(mtu)ý1 41 mA 
VR,. aa=ON 





Figure 31: id,, Aff and id,,, bf2 of Proposed MRC Secondary Side 
Figure 31 shows ij,, yi and ids. hf2 of Proposed MRC Secondary Side. The 
current is read and measured at both MRC switches which are M, and Al,. 
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Figure 32: V. and V;,, of Proposed MRC on Secondary Side 
Figure 32 shows input and output voltage waveform of proposed magnetic 
reset circuit. There are still some value of Vo represented at the load. There is some 
delay at the MRC and also some excess induced current which are not completely 
reset to zero value. In order to remove some excessive induced effects, some 
improvement has been made by adding a clipper to respective sides. This result will 
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Figure 33: iL1, iRin, 7L2, iR,.,, dand 1L3 of Proposed MRC on Secondary Side 
f=i 
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Figure 33 shows iLf, iffi,,, 0, iR, and iL3 of Proposed MRC on Secondary 
Side. There are also some induced current, iRl represented at the load which caused 
so induced effect of voltage. However, the value of current represented is small and 
can be removed using clipper. 
Figure 34: V0 and V of Proposed MRC on Primary Side 
Figure 34 shows Va and V;,, of proposed MRC on primary side. The external 
voltage, Vet is turns ON at the same time when MRC is operated. This procedure 
used to investigate is there induced voltage produced at primary side when V, 1 is turn 
ON. 
There are several number on the Figure 33 which indicated the important 
values of voltage before and after t=1 ps. As mention earlier, primary resistor, R, is 
inserted at primary side to investigate the performance of MRC in terms of resetting 
induced effects. The MRC is set to operate at t=1 gs together with external AC 
source, V. 
The important parameters and values are summarized in Table 5. 
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Table 5: Important Parameter Values of Vo and Vp 
Point Number Variables Values 
I Vp(max) <I µs 165.020 V 
2 Vp(min) <I IS -165.028 V 
3 Vp(max) >1 µs 1.8092 V 
4 Vp(m; n) >I µS -3.0908 V 
5 Vdmex> <1 µs 11.785 V 
6 Vo(min) <1 µs -11.785 V 
7 Va. ) >1 is 170.175 V 
8 Vo(min)> I µs 164.441 V 
Table 5 shows the important values Vo and Vp. From the table we there are 
still induced effects in the primary side. However the value of induced effect in the 
primary side has been reduced from 165.020 V to 1.8092 V for maximum value and 
from -165.028 V to -3.0908 V for minimum value. This showed that MRC is 
operating properly to remove induced effects of the transformer. But some values still 







r- 1.0 µs ., e 
Figure 35: iLb ii , 42, iR/dand iL3 of Proposed MRC on Primary Side 
Figure 35 shows current waveform for transformer with MRC on primary 
side. There are several numbers on the figure which showed that the section before 
and after MRC and Vim, are turn ON. The numbers indicated the maximum and 
minimum value of respective current produced before and after t=I µs. 
MRC attached at primary side reduce value of primary current, ice. MRC 
takes some time to reset the induced current. This is caused by switching delay at the 
MOSFET. However, MRC can reduced the induced current at primary side from 
maximum value 165.028 mA to 3.0908 mA and minimum value from -165.064 mA 
to 1.9184 mA. 
The other parameters are summarized in Table 5. 
'S 




























ý ...... .. 
0.011ts O. ICOm Sa .. 1:: a ; va 
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Table 6: Important Parameter Values of iLj, iRp, iLZ, iR and 1L3 
Point Number Variable Values 
I iw <I AS max=5.2812 mA 
min=-34.898 µA 
2 iL, > 1µs max=1.885 mA 
min=--1.9876 mA 
3 iRp< I AS max=165.028 mA 
min=-165.064 mA 
4 Rp >I AS max=3.0908 mA 
min-- 1.9184 mA 
5 42 <I AS max-- 11.631 mA 
min=-11.632 mA 
6 42 > 1µs max=-911.669 mA 
min=-70.520 mA 
7 iRl <I AS max--I 1.785 mA 
min=-11.788 mA 
8 iRI«, a> 1 AS max=165.825 mA 
mires-170.175 µA 
9 iL3 <I AS max=51.1334 mA 
min 49.950 µA 
10 iL3 > 1µs * 378.643 µA 
* Indicate that current at L3 always decreasing due to tertiary winding reset. 




Figure 36: V0 and Y;  of Proposed MRC on Secondary Side with Clipper 
Figure 37: Vo and Vp of Proposed MRC on Primary Side with Clipper 
Figure 36 and Figure 37 show the voltage waveform after added with clipper 
on their respective sides. From the figure, the clipper chop and make the amplitude of 
wave form goes to zero value. Figure 36 shows MRC with clipper reset the induced 
voltage immediately when MRC is turns ON. Figure 37 shows MRC with clipper 
take some time to reset the induced effect on primary side. This is because some 
delay of MRC and switching time between two AC source power. 
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Figure 38: iRload and iR;,, of Proposed MRC on Secondary Side with Clipper 
Figure 39: iR,. aand ipp of Proposed MRC on Primary Side with Clipper 
Figure 38 and Figure 39 show waveform of current for MRC using Clipper. 
Similar to voltage waveform, the current is reset to approximate zero value with 
clipper. However the MRC on primary side with clipper have some delay before it 
can reset the current. 
After resetting induced effects of transformer, both inductors can be used 
effectively as voltage and current path without inducing any current or voltage to 
respective winding. The values of all induced effects from conventional transformer 
and transformers with MRCs are summarized and analyzed in Table 6 and Table 7. 
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Table 7: Comparison Induced Effects of all Circuits 
V /V V i /i IRload 
Figure max= 168.77 V max= 12.05 V max=5.5 mA max=12.1mA 
21 min= -169.00 V min= -12.14 V minim mA min= -12.1 mA 
Figure max= 169.84 V max= 2.06 V max=18 mA max=0.47 mA 
24 min= -168.73 V min= -0.8 V min 0.5 mA min=-3.0 mA 
Figure max= 1.8 V max= 170 V max=3.1 mA max=165 mA 
25 min= -3.1 V min= -164 V min= 1.9 mA min- 170 mA 
Figure max= 169.84 V 0.0 V max=18 mA 0.01 mA 
26 min= -168.73 V min=0.5 mA = 0.0 mA 
Figure 57 mV = 0.0 V max= 170 V -57 µA = max= 169mA 
27 min= -169 V 0.0 mA min=167 mA 
Table 7 shows comparison between all circuits which are conventional circuit, 
circuit with MRC and also circuit with MRC and also clipper. From the table, the 
induced effects can be removed using MRC and the clippers also help MRC to 
removed or block induced effects in respective windings. 
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATION 
5.1 Conclusions 
Magnetic reset circuitry is designed to reset the induced effects in linear 
transformer applications. In other word, both sides of windings can be used 
effectively as voltage and current path without inducing any current or voltage to 
respective winding. 
MRC was designed and simulated successfully and achieved the objective of 
this project. The results show that the induced effects were reset to zero value. Now, 
the respective winding can be used as a voltage and current part without inducing 
other winding. 
5.2 Recommendation 
There are basically three techniques in resetting magnetizing energy [4]. RCD 
reset circuit, resonant reset circuit and improvement resonant reset circuit [5] are also 
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